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Seasonal V a r i a t i o n s  i n  Movements 
and H a b i t a t  Use by P ine and Meadow Voles 
Ralph E. Pagano and Dale M. Madison 
Department o f  B io logy  
S t a t e  U n i v e r s i t y  o f  New York a t  Binghamton 
Binghamton, New York 13901 
Abs t rac t :  Free-rang ing p i n e  vo les  ( ~ i c r o t u s  pinetorum) and meadow 
voles(M. pennsylvanicus) were rad io t racked  i n  a main ta ined app le  
orchard-envi ronment i n  August and December 1980. Meadow vo les  main- 
t a i n e d  l a r g e r  home ranges than p i n e  vo les  i n  t he  summer, bu t  had 
s i m i l a r - s i z e d  ranges i n  December. The home ranges f o r  bo th  spec ies  
decreased w i t h  the  onset  o f  w i n t e r .  P ine and meadow vo les  showed a 
s t r o n g  tendency t o  remain w i t h i n  rows and t o  r e s t r i c t  most o f  t h e i r  
movement t o  areas beneath t h e  canopy. Desp i te  some ove r lap  i n  space 
use between t h e  species, t he  movements o f  bo th  v o l e  species suggested 
mutual avoidance. D i f f e rences  i n  h a b i t a t  u t i l i z a t i o n  between p i n e  
and meadow vo les  was a l s o  suggested. 
l NTRODUCT l ON 
T h i s  s tudy focuses on the  i n t e r a c t i o n s  o f  t he  two v o l e  species 
g e n e r a l l y  c o - i n h a b i t i n g  the  orchards o f  t he  Hudson Va l l ey ,  New York, 
namely the  p i n e  v o l e  (Micro tus  pinetorum) and the  meadow v o l e  (!. 
pennsy lvan icus) .  Movement and h a b i t a t  use data  a r e  be ing c o l l e c t e d  
on a seasonal b a s i s  us ing  rad io te lemet ry  techniques as a pr imary  
research t o o l .  The main purpose o f  t he  research i s  t o  gather  i n f o r -  
mat ion t h a t  w i l l  a i d  i n  t h e  development o f  a v o l e  management program 
HETHODS 
S i t e  Se lec t i on  
-
Choice o f  a s p e c i f i c  research s i t e  was based on heterogenei ty .  
The 0.7 h a b i t a t  s i t e  chosen c o n s i s t s  o f  e i g h t  rows w i t h  s i x teen  t rees  
i n  each row. Row spacing i s  1 1  meters and t r e e  spacing i s  5 meters. 
Trees range from f i v e  years  t o  g r e a t e r  than t h i r t y  years i n  age. Odd 
numbered rows have t r e e s  g r e a t e r  than t h i r t y  years o l d  a l t e r n a t i n g  
w i t h  i n t e r p l a n t s  f i v e  t o  t e n  years  o l d .  Even numbered rows i nc lude  
t r e e s  twenty years  o l d  o r  younger. The vege ta t i on  and s o i l  v a r i a b l e s  
measured on t h e  s i t e  show cons ide rab le  v a r i a b i l i t y  as w e l l .  
Under t h e  above circumstances, i t  was hypothesized t h a t  t he  two 
v o l e  species would be more l i k e l y  t o  make choices and show h a b i t a t  
preferences, and any tendency f o r  p i n e  and meadow vo les  t o  separate 
would be more ev iden t .  
Trapping and Telemetry 
Trapping was conducted monthly t o  c o l l e c t  populat ion data and 
once a season t o  c o l l e c t  animals f o r  rad iote lemetry .  Two t raps were 
placed a t  every o ther  t r e e  f o r  four checks over a two day per iod.  
The t raps were then s h i f t e d  t o  the a l t e r n a t e  t rees  f o r  checks over 
another two day per iod.  
Animals se lected f o r  the telemetry work were taken t o  a f i e l d  
s t a t i o n  where rad io t ransmi t te rs  were s u r g i c a l l y  implanted i n  the 
i n t r a p e r i t o n e a l  c a v i t y  (see Madison e t  a l .  i n  t h i s  issue f o r  d e t a i l s  
regarding equipment and methodology). The animals were then re-  
leased a t  the  p o s i t i o n  o f  capture w i t h i n  twenty-four hours o f  sur- 
gery. A f t e r  a  several day recovery peiod, rad iot rack ing was begun. 
Seasonal rad iote lemetry  sessions were csmprised o f  three twenty- 
four hour periods. Each twenty-four hour per iod consis ted o f  three 
d i f f e r e n t  e i g h t  hour segments, each segment being monitored once 
dur ing  a 48 hour period. Thus, a  twenty-four hour c y c l e  was com- 
p l e t e d  i n  two days. A l l  animals were located every hal f -hour .  I t  
was f e l t  t h a t  t h i s  sampling regime should g ive  an adequate sample 
of data p o i n t s  t o  o b t a i n  representat ive movement and h a b i t a t  use 
p a t t e r s  f o r  each animal. 
Only a d u l t  females were used dur ing the telemetry sessions. 
The dec is ion  t o  use on ly  females was based on the observat ions tha t  
female meadow voles have more s tab le  home ranges than males (Madison, 
19801, and thus would have more d e f i n i t i v e  h a b i t a t  use pat terns.  
Pine voles appear t o  have no great  sexual d i f ferences i n  movement 
pa t te rns  (F i tzGera ld and Madison, these proceedings), but  on ly  female 
p i n e  vo les were used i n  order  t o  keep methods standardized f o r  the 
two species. 
Hab i ta t  
F igure  1 i s  a  schematic representat ion o f  the c o l l e c t i o n  o f  
h a b i t a t  data. Measurements f o r  each s o i l  and vegetat ion v a r i a b l e  
were taken one meter from the base o f  the t ree.  Four sampling po in ts  
were located around each t r e e  on the  study s i t e  as shown i n  the 
diagram. The t r i a n g l e s  represent the areas o f  e f f e c t  f o r  each 
h a b i t a t  sampling po in t .  Telemetry pos i t i ons  f a l l i n g  i n  any one o f  
the t r i a n g l e s  take on the p a r t i c u l a r  h a b i t a t  values obtained a t  tha t  
sampling po in t .  
The h a b i t a t  va r iab les  included i n  t h i s  study a re  as fo l l ows  





Density ( L i g h t  ~ e c e p t  ion) 
Figure 1 :  Schematic diaqram representing the methods o f  h a b i t a t  data 
collectiron. Sampling points  a r e  indicated by the small c i r c l e s ;  the 
t r e e  trunk, by the medium sized c i r c l e s ;  and the canopy, by the 
l a r g e s t  c i r c l e s .  See t e x t  f o r  f u r t h e r  explanation. 
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Regression a n a l y s i s  was performed on the h a b i t a t  and te lemet ry  
data .  C o r r e l a t i o n s  were ob ta ined  by regress ing the  te lemet ry  pos- 
i t i o n s  f o r  each species on the  va lues f o r  each h a b i t a t  v a r i a b l e .  
The c o r r e l a t i o n  c o e f f i c i e n t s  were then tes ted  f o r  s t a t i s t i c a l  s ign-  
i f  icance and assigned "+" va lues ( f o r  p o s i t i v e  c o r r e l a t i o n ) ,  "-" 
va lues  ( f o r  n e g a t i v e  c o r r e l a t i o n s ) ,  o r  I 'O" values ( f o r  no c o r r e l a -  
t i o n ) .  The meadow and p i n e  vo les  were then compared on a  r e l a t i v e  
b a s i s  f o r  any d i f f e r e n c e s  i n  h a b i t a t  pre ferences.  
RESULTS AND DISCUSSION 
Hovemen t s  
Two t e l e m e t r y  sess ions have been completed thus f a r .  The f i r s t  
was conducted i n  l a t e  August, 1980 and the  second i n  e a r l y  December, 
1980. Comparisons o f  movement p a t t e r n s  of t he  two v o l e  species and 
t h e  seasonal changes t h a t  occur  a r e  shown i n  Table 1. Home range 
areas were c a l c u l a t e d  us ing  t h e  100% minimum polygon method as 
descr ibed by M i  chener (1 979). 
Tab le  1:  Movements and average home range s i z e  f o r  female meadow 
and p i n e  vo les  d u r i n g  August and December te lemet ry  sessions. 
Vo le  No. Voles Telemetry Row Home Range 1 
Season Species Analyzed P o s i t i o n s  Crossings (in2) 
Aug . Meadow 3 120 12 + 66.7 7 3.0 
P ine 3  144 2  40.3 - 2.0 
Dec . Meadow 5 577 2 17.0 0.8 
P ine  6  700 0  18.6 - 0.9 
l ~ h e  Discrepancy between August and December i n  the t o t a l  number o f  
t e l e m e t r y  pos i tons  ob ta ined  f o r  each v o l e  species was casued by 
b a t t e r y  f a i l u r e ,  a  problem which has s ince  been co r rec ted .  
Table 1  shows row c ross ings  t o  be a  r a r e  event.  During August 
one i n d i v i d u a l  accounted f o r  a l l  twe lve o f  t he  meadow v o l e  cross ings.  
P ine vo les  r a r e l y  crossed rows. I n  December t h e r e  was v i r t u a l l y  no 
c r o s s i n g  o f  rows f o r  e i t h e r  species as compared t o  the  t o t a l  number 
o f  p o s i t i o n s  ob ta ined  per species. The low frequency o f  movement 
across rows f o r  bo th  seasons i n d i c a t e s  a  stong w i t h i n  row o r i e n t a t i o n  
f o r  female p i n e  and meadow vo les .  
Table 1 a l s o  shows t h a t  female meadow vo les  ma in ta in  l a r g e r  home 
ranges than female p i n e  vo les  i n  t h e  l a t e  summer, bu t  i n  December the  
ranges o f  t he  two a r e  p r a c t i c a l l y  t he  same. I n  add i t i on ,  home range 
s i z e  decreased cons ide rab l y  f o r  females o f  bo th  species w i t h  t h e  
onset  o f  w i n t e r .  Th i s  i n fo rma t ion  i s  v i s u a l l y  represented i n  
F igu res  2 and 3. The decrease i n  home range area cou ld  be due t o  
a  change i n  food supply, a  decrease i n  rep roduc t i ve  a c t i v i t y ,  c l i -  
m a t i c  changes, o r  a  combinat ion o f  these f a c t o r s .  
Dur ing August cons ide rab le  ove r lap  occur red amng  th ree  female 
v o l e s  i n  t he  area o f  one t r e e  (F ig .  2 ) .  Two p ine  vo les ,  w h i l e  no t  
ove r lapp ing  t o  any g r e a t  e x t e n t  themselves, enveloped n e a r l y  a l l  o f  a  
s i n g l e  meadow v o l e  home range. Al though they u t i l i z e d  many o f  t he  
same areas, t h e  t h r e e  i n d i v i d u a l s  were never l oca ted  i n  t he  same 2 m 
area a t  t he  same t ime. 
Two cases o f  ove r lap  occur red between female p ine  and meadow 
v o l e s  d u r i n g  t h e  Dec mber te lemet ry  (Fig.  3 ) .  These vo les  over lapped 4 ( w i t h i n  t h e  same 2 m area a t  t h e  same t ime)  du r ing  o n l y  5% o f  the 
t e l e m e t r y  p o s i t i o n s  recorded f o r  these i n d i v i d u a l s .  However, i n  one 
case t h e  p i n e  v o l e  and meadow v o l e  were n o t  separable by t ime o r  
h o r i z o n t a l  d i s tance .  
The data  suggests a  p o s s i b l e  mutual avoidance between p i n e  and 
meadow vo les .  Al though o v e r l a p  o f  home ranges does e x i s t ,  females 
o f  t h e  two species appear t o  avo id  con tac t .  Fu r the r  s tudy i s  needed 
on t h e  p o s s i b l e  sepa ra t i on  o f  female p i n e  and meadow vo les  i n  t ime  
o r  space. Space i n  t h i s  s e n s e i n c l u d e s b o t h  h o r i z o n t a l  and v e r t i c a l  
components. 
H a b i t a t  Use 
--
Poss ib le  exp lana t i ons  f o r  seasonal changes and i n t e r s p e c i f i c  
d i f f e rences  i n  movement p a t t e r n s  cou ld  l i e  i n  h a b i t a t  f a c t o r s .  One 
such f a c t o r  i s  t he  area covered by t h e  t r e e  canopy. A s t r i k i n g  
c h a r a c t e r i s t i c  o f  a  mature app le  t r e e  i s  t he  ex ten t  of  i n f l uence  o f  
i t s  canopy. 
F i g u r e  2 :  August t e l e m e t r y  d a t a .  P ine  v o l e  home ranges a r e  indic -  
a t e d  by s o l i d  l i n e s ;  n e s t s ,  by c i r c l e s  w i t h  d o t .  Meadow v o l e  home 
ranges a r e  i n d i c a t e d  by broken l i n e s ;  n e s t s ,  by open t r i a n g l e s .  
Crosses represent  t r e e  l o c a t i o n s  and l a r g e  c i r c l e s  a r e  measured t r e e  
canopies . 
Figure 3 :  December te lemetry  data .  Pine vole  home ranges a r e  indic- 
a ted by s o l i d  l i n e s ;  nests ,  by c i r c l e s  w i t h  dot .  Meadow vole  home 
ranges a r e  indicated by broken l i n e s ;  nests,  by open t r i ang les .  
Crosses represent t r e e  locat ions and la rge  c i r c l e s  a r e  measured t r e e  
canopies. 
Two o f  the th ree  p ine  voles, f o r  a  combined t o t a l  o f  21 pos i t i ons ,  
moved ou ts ide  the canopy c o r r i d o r  i n  August. This represents about 
15% o f  the t o t a l  p ine  v o l e  positons obtained f o r  the  f i r s t  telemetry 
session. Meadow voles remained e n t i r e l y  w i t h i n  the canopy area. 
During December one meadow v o l e  accounted f o r  a l l  57 telemetry pos- 
i t i o n s  f a l l i n g  ou ts ide  o f  the canopy covered areas, which i s  about 
10% o f  the t o t a l  p o s i t i o n s  obta ined f o r  meadow voles. No pos i t i ons  
were obta ined f o r  p ine  vo les ou ts ide  o f  the canopy covered areas a t  
t h i s  t ime. Although dur ing  both telemetry sessions animals d i d  cross 
rows, no p o s i t i o n s  were a c t u a l l y  located i n  the a i s l e s  between rows. 
Again the  data suggest a  strong w i t h i n  row o r i e n t a t i o n  f o r  
females o f  b o t h  species. I t  appears as though canopy coverage i s  
o f  more importance t o  t h e  p ine  and meadow voles than actual  age o f  
the t r e e  under which they a re  found. Although an ind iv idua l  might 
be found under a  young i n t e r p l a n t ,  the v o l e  could s t i l l  be w i t h i n  
the  in f luence  o f  an o l d e r  t r e e  due t o  the extent  o f  the t r e e ' s  canopy. 
Female p i n e  and meadow voles appear t o  use c e r t a i n  h a b i t a t  
c h a r a c t e r i s t i c s  d i f f e r e n t l y  (Tables 2  and 3) .  During August, p ine 
and meadow voles showed a  negat ive c o r r e l a t i o n  w i t h  grass cover, 
bu t  d i f f e r e d  i n  t h e i r  use o f  f o r b  cover. These r e s u l t s  could be due 
t o  a  seasonal change i n  food and/or cover a v a i l a b i l i t y ,  w i t h  grasses 
maturing i n  e a r l y  summer and g i v i n g  way t o  forbs i n  August. 
Table 2: Cor re la t ion  c o e f f i c i e n t s  between vo le  d i s t r i b u t i o n  and 
h a b i t a t  c h a r a c t e r i s t i c s  f o r  August. P o s i t i v e  c o r r e l a t i o n  +; Negative 
c o r r e l a t i o n  -; and No c o r r e l a t i o n  0. A l l  values were tested a t  the 
.05 l e v e l  o f  s ign i f i cance .  Df fo r  meadow voles = 118 and p ine voles 
= 142. 
Meadow Vole Pine Vole 
Yab i ta t  Var iab le  Cor re la t ion  Corre lat ion 
Ground Cover: Grass - (-0.1:l) - (-0.15) 
Ground Cover: Forbs + ( 0.42) 0  ( 0.04) 
Ground Cover: Bare Ground + ( 0.48) + ( 0.59) 
S o i l  Compaction - (-0.34) - (-0.42) 
Hor izonta l  Veg. Dens., 0-25 cm + ( 0.70) - (-0.18) 
Hor i zon ta l  Veg. Dens., 0-1 m + ( 0.22) + ( 0.26) 
Ground L i t t e r  Depth 0  ( 0.05) + ( 0.85) 
Also frm Table 2, meadow voles show a  p o s i t i v e  c o r r e l a t i o n  w i t h  
h o r i z o n t a l  vegetat ion dens i t y  from 0-25 cm, but  have no c o r r e l a t i o n  
w i t h  ground l i t t e r  depth. Pine voles, on the other  hand, had on ly  a  
s l i g h t  preference f o r  areas o f  less hor i zon ta l  vegetat ion densi ty  
(0-25 cm) b u t  were s t r o n g l y  a t t r a c t e d  t o  areas o f  greater  ground 
l i t t e r  depth. This could be r e l a t e d  t o  the surface o r i e n t a t i o n  o f  
t h e  meadow v o l e  and the  requirement o f  a  dense v e g e t a t i v e  cover  
t h rough  which i t  can move and feed. The more f o s s o r i a l  p i n e  v o l e  
may n o t  r e q u i r e  t h e  heavy v e g e t a t i v e  cover f o r  p r o t e c t i o n  o r  food, 
y e t  d e s i r e  ground l i t t e r  as  a  cover  under which they can burrow. 
As i n d i c a t e d  by the  c o r r e l a t i o n s  w i t h  s o i l  compaction, bo th  
spec ies  a l s o  p r e f e r  l oose r  s o i l s  i n  which they can burrow and form 
runways. Telemetry work suggests t h a t  bo th  species u t i l i z e  under- 
ground runways. D i r e c t  obse rva t i ons  i n d i c a t e  t h a t  meadow vo les  as 
w e l l  as  p i n e  vo les  c o n s t r u c t  underground tunne l  systems, a l t hough  
t h e  e x t e n t  o f  bur rowing f o r  each species may d i f f e r .  
Several  h a b i t a t  v a r i a b l e s  s tud ied  i n  August were no t  a p p l i c a b l e  
i n  December due t o  the  change i n  seasons. From Table 3, however, i t  
i s  ev iden t  t h a t  a seasonal s h i f t  i n  pre ference occur red i n  a t  l e a s t  
one h a b i t a t  v a r i a b l e .  Meadow vo les ,  i n  December, s h i f t e d  t o  a  s l j g h t -  
l y  n e g a t i v e  c o r r e l a t i o n  w i t h  h o r i z o n t a l  vege ta t i on  d e n s i t y  (0-25 cm), 
w h i l e  p i n e  vo les  a t  t h e  same t ime  showed no pre ference f o r  h i g h  o r  
low values. Th i s  c o u l d  be r e l a t e d  t o  the  f a c t  t h a t  most o f  t he  
above ground vege ta t i on  had d ied  by December. 
The two species showed no change i n  pre ference f o r  ground l i t t e r  
dep th  between seasons, except t h a t  p i n e  vo les  d i d  n o t  show q u i t e  as 
s t r o n g  a  p o s i t i v e  c o r r e l a t i o n  as i n  August. Al though having a  pos- 
i t i v e  c o r r e l a t i o n  w i t h  ground l i t t e r  depth, t he  movements o f  p ine  
v o l e s  tended t o  be away f rom areas w i t h  a  h ighe r  percentage o f  l e a f  
cover .  Meadow v o l e s  showed a  s l i g h t  p o s i t i v e  c o r r e l a t i o n  w i t h  l e a f  
1 i t t e r .  
Apple drops d u r i n g  the  l a t e  summer and autumn supply a  good 
source o f  mo is tu re  and food. P ine vo les  appeared t o  p r e f e r  areas 
w i t h  g r e a t e r  numbers o f  apples; meadow vo les  showed o n l y  a  weak 
p o s i t i v e  c o r r e l a t i o n .  The number o f  app les  found on the ground i n  
any l o c a t i o n  can be d i r e c t l y  r e l a t e d  t o  the  age and p r o d u c t i v i t y  o f  
t h e  t r e e s  i n  t he  immediate v i c i n i t y .  However, such c o r r e l a t i o n s  as 
found between t h e  vo les  and app le  drops cou ld  very  w e l l  be r e l a t e d  
t o  o t h e r  p r e f e r r e d  h a b i t a t  c h a r a c t e r i s t i c s  chosen p r i o r  t o  f r u i t  
ma tu ra t i on .  
Table 3:  C o r r e l a t i o n  c o e f f i c i e n t s  between v o l e  d i s t r i b u t i o n  and 
h a b i t a t  c h a r a c t e r i s t i c s  f o r  December. P o s i t i v e  c o r r e l a t i o n  +; neg- 
a t i v e  c o r r e l a t i o n  -; and No c o r r e l a t i o n  0. A l l  values were tes ted  
a t  t h e  .05 l e v e l  o f  s i g n i f i c a n c e .  Df f o r  meadow vo les  = 575 and f o r  
p i n e  vo les  = 698. 
Meadow Vole Pine Vole 
H a b i t a t  V a r i a b l e  C o r r e l a t i o n  C o r r e l a t i o n  
Ground Cover: Leaf L i t t e r  + ( 0.23) - (-0.52) 
H o r i z o n t a l  Veg. Dens., 0-25 cm - (-6.16) 0  ( 0.02) 
Ground L i t t e r  Depth 0  ( 0.01) + ( 0.21) 
Apple  Count + ( 0.15) + ( 0.46) 
The r e s u l t s  presented here a r e  on ly  p re l im inary  f i nd ings ,  and 
f u r t h e r  ana lys is  w i l l  be conducted on the data i n  the fu tu re .  What 
has been learned t o  t h i s  p o i n t  w i l l  a i d  i n  the c o l l e c t i o n  of data 
dur ing the second f i e l d  season. One area o f  importance t h a t  needs 
f u r t h e r  study i s  the p o s s i b i l i t y  t h a t  females o f  the two species a r e  
mutua l l y  avoid ing each other  i n  t ime and/or space. The r e s u l t s  shown 
here a l s o  suggest poss ib le  d i f fe rences  between p ine and meadow voles 
i n  h a b i t a t  use pat terns.  A c loser  look a t  such h a b i t a t  va r iab les  as 
ground cover composition, ho r i zon ta l  vegetat ion density,  and ground 
l i t t e r  depth i s  needed. 
ACKNOWLEDGEMENT 
This  research was made poss i lbe by a grant from the U.S. F ish  
and W i  l d l  i f e  Service, grant  no. 14-16-0009-79-066. Special thanks 
must be given t o  D. Stockrahm, J. H i l l ,  J. McAninch, and R. F i tzGera ld 
f o r  t h e i r  he lp dur ing the c o l l e c t i o n  and analys is  o f  data. We a l s o  
wish t o  thank the orchard growers o f  the New P a l t z  area f o r  t h e i r  
he lp and cooperat ion, e s p e c i a l l y  S. Cohn and S. Clarke. 
LITERATURE CITED 
Madison, D.M. 1980. Space Use and Social  St ructure i n  Meadow Voles 
Behav. Ecol. Sociobio l .  7: 65-71. 
Michener, G.R.  1979. Spat ia l  Relat ionships and Social Organizat ion 
o f  Adul t  Richardsons Ground Squ i r re ls .  Can. J. Zool. 57: 125-139. 
McAn inch, J. 1979. Vole Management Studies-1978. Proc. o f  the 3rd 
Eastern Pine and Meadow Vole Symp. 
